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Device and Method for Transporting Flat Workpieces in Conveyorized 
Processing Lines 

5 

Specification: 

The invention relates to a device for transporting flat workpieces in 
conveyorized lines. In a preferred application printed circuit boards and printed 
10 circuit foils are transported for processing in wet-chemical (horizontal or 
vertical) conveyorized processing lines. 

In wet-chemical conveyorized lines workpieces, more specifically boards and 
foils, are preferably transported by motor-driven rollers. The term rollers is to be 

15 construed herein not only as cylindrical bodies, but also as any other 
rotationally symmetrical bodies that are capable of taking hold of and of 
transporting the boards and foils. Said rollers are substantially disposed at right 
angles to the direction of transport. The boards and foils are passed between 
upper and lower rollers. The rollers are driven by a drive gear or a belt drive. 

20 The upper rollers are carried in such a manner that the height at which they are 
positioned is automatically adjusted by the thickness of the boards and foils. 
The height at which the lower rollers are positioned is generally fixed. 
Accordingly, these lower stationary transport rollers determine the constant 
level of the underside of the printed circuit boards and foils. Usually, the axles 

25 of the rollers are only guided laterally. They may deflect in height though. The 
different heights at which the upper rollers for the printed circuit boards and 
foils, of from almost 0 mm to up to 10 mm thick, are positioned may be 
compensated for by the drive trains for the rollers. 

30 In order to allow almost slip-free transportation of the boards by the rollers, the 
upper rollers at least must also have a certain minimum weight. In immersion 
baths, said weight must be such that the static buoyancy is more than 
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compensated for. In baths with lower spraynozzles or flow nozzles the 
buoyancy force generated by the nozzle must be more than compensated for 
by the weight of the rollers or by additional means such as springs. 



5 In addition to their transport function, the rollers perform still another function in 
immersion baths: the rollers cause the fluid used for processing (e.g. for 
immersion or spraying) to accumulate to such an extent that the workpiece may 
be conveyed through the corresponding processing bath in an immersed 
condition. At the entrance and at the exit thereof, said rollers perform the 
10 required sealing function. Said rollers are also termed sealing rollers. Lines of 
this type are described La. in DE 38 23 072 A1 and in DE 38 13 518 A1 . 

For electroplating board-shaped workpieces, rollers of various configurations 
are being used: 

15 

In US 3,348,657 A and DE 42 23 541 A1 for example there are described 
processing lines for etching printed circuit boards and for transporting printed 
circuit boards respectively. Various rotating transport means, such as coiled 
wires retaining and conveying the boards, are utilized for transporting printed 

20 circuit boards. In another embodiment, rollers with axially spaced apart wheels 
are utilized, several such rollers being paralleled. The rollers are disposed in 
such an arrangement relative to each other that the wheels of neighboring 
rollers are staggered. As a result thereof, the rollers may be held apart to such 
a small distance that the wheels of one roller are almost capable of contacting 

25 the axle of the neighboring roller. 

DE 197 18 769 A1 further describes a device for processing and transporting 
printed circuit boards in which the transport rollers located within the processing 
zone have a specific design. The surface area of a transport roller has a 
30 prominence that extends in a helix configuration from one front side to the 
opposite front side. 
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EP 0 752 807 A1 discloses a device for the wet-chemical treatment of printed 
circuit boards and more specifically of the holes in printed circuit boards. The 
printed circuit boards are transported by rollers, some of said rollers additionally 
serving to deliver processing fluid to the surfaces of the boards and into the 
5 holes. The rollers suggested there may also be formed, /.a., by rings mounted 
on an axle. 

The known devices and methods proved to be unsuitable in manufacturing 
printed circuit boards and printed circuit foils without generating scrap. Flaws 
10 repeatedly occur in the pattern, making a printed circuit board completely 
useless, more specifically as far as smallest structures of circuit traces are 
concerned. 

It is therefore the object of the present invention to avoid the drawbacks of the 
1 5 prior art devices and methods and more specifically to find a device and a 
method of transporting flat workpieces in conveyorized lines that permit to 
avoid manufacturing-scrap. 

The solution to this object is achieved by the device according to claim 1 and 
20 by the method according to claim 14. Preferred embodiments of the invention 
are recited in the subordinate claims. 

The device and the method in accordance with the present invention serve to 
transport flat workpieces in conveyorized processing lines. Such type 

25 conveyorized processing lines preferably serve for wet-chemical treatment of 
printed circuit boards or printed circuit foils, e.g., for etching and metal-plating 
as well as for all of the other processing techniques that are related to the 
previously mentioned processing methods such as pre-treatment, post- 
treatment, activation and deposition of protective layers. Conveyorized 

30 processing lines of this type are known. By way of example the reader is 

referred in this connection to the corresponding disclosure in DE 32 36 545 A1 
and DE 36 24 481 C2. Typically, the transport devices in accordance with the 
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invention are utilized in conveyorized processing lines in which the flat 
workpieces are conveyed horizontally. In this case, the workpieces are passed 
between two rollers of a pair of rollers or between those of several pairs of 
rollers, the rollers of a respective one of the pairs of rollers being arranged on 
5 top of each other and parallel to each other. The plane of transportation in 
which the workpieces are conveyed extends between the rollers of a pair of 
rollers. The useful area of the conveying path lies in the plane of transportation 
and is characterized by the area over which the workpiece is passed while it is 
being conveyed through the line. Conveying devices for processing fluid are 

1 0 usually disposed above and beneath the plane of transportation. Many different 
designs are conceivable for this purpose. For conducting electrolytic processes 
such as electrolytic etching or metal-plating processes, elements for contacting 
the workpieces are further provided through which current is supplied to the 
workpieces. Counter electrodes (anodes or cathodes) may also be disposed 

15 above and beneath the plane of transportation. 

The device in accordance with the present invention comprises the following 
features: 

20 a) at least one pair of rollers that are disposed on a respective side of 

the plane of transportation and are facing each other for transporting the 
workpieces, said rollers each having at least one elevation which more 
specifically annularly and/or helically encircles said rollers, and 
b) transport drives associated with said rollers. 

25 

The workpieces are supplied to the rollers of the at least one pair of rollers in 
the plane of transportation, said rollers transporting and finally releasing them. 

To achieve the object of the invention, the elevations are arranged in such a 
30 manner on the rollers opposing to each other that the at least one elevation on 
the first roller of a pair located on one side of the plane of transportation is 
offset relative to the at least one elevation provided on the second roller of the 
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pair on the other side of the plane of transportation. 

It has been found out that the problems observed during the manufacturing of 
printed circuit boards are probably related to the fact that a buildup of dirt 
5 deposits on the transport rollers or sealing rollers which, on account of the 
weight of the rollers amounting to 5 kg for example, leaves impressions on the 
sensitive workpieces. If the roller has a circumference of 150 mm for example, 
a particle adhering to a roller leaves a disturbing impression on the surface of 
the workpiece after each conveying distance of 150 mm. Smallest impressions, 
10 pits or scratches, which are not yet visible during manufacturing, spoil the 
quality of the boards and may even be a cause of scrap. 



The ever increasing miniaturization of the electronic components causes the to- 
be-processed structures on printed circuit boards to become ever smaller and, 

15 as a result thereof, more sensitive to damage. In the fine line printed circuit 

technique (HDI: High Density Interconnect), the widths of the structures and the 
spacings therebetween amount to approximately 0.05 mm. Even smallest 
impressions, pits or scratches of e.g., only 3 jjm deep, are a cause of scrap in 
the subsequent processes involved in the manufacturing of printed circuit 

20 boards. In such type lines there are a great number of rollers so that the risk of 
scrap is great. The resulting costs are not accepted. 



Dirt that may deposit on the rollers is inter alia brought into the baths by the 
workpieces. Even with permanent filtration it is not possible to entirely exclude 
25 the sporadic formation of deposits. 



In chemical (electroless) metal-plating baths there is furthermore the risk that 
metal deposits on all the parts and walls of the entire bath. As a result, the 
transport and sealing rollers, which are preferably made from plastic material, 
30 are also at risk. A first, very small metal particle which is pressed into the 

surface of the plastic roller, forms a germ that progressively grows to become a 
disturbing particle. In practical operation, small pieces of metal also deposit on 
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the rollers, more specifically after a longer life of the bath. This phenomenon is 
called wild growth. Such coated rollers leave hardly visible impressions on the 
workpieces. These are however sufficient to cause scrap. Therefore, the rollers 
must be taken out and cleaned daily. A similar problem arises during pattern 
5 plating. In this case, the rollers roll over the resist. If the thin resist is for 

example damaged by metal particles formed on the rollers, metal deposits on 
the surface of the resist, probably because the damage causes the electric 
resistance to become very small there so that current is allowed to flow 
between the anode and the copper lamination located beneath the resist. 

10 

Thanks to this specific arrangement of the elevations on the rollers of a pair of 
rollers, or to the corresponding relative arrangement of the two rollers, it is 
made certain that the force exerted by the rollers onto the workpieces is 
reduced or limited. For this purpose, the flat workpieces, more specifically when 
1 5 they are very thin, e.g., when they have a thickness of 1 mm or less, are 
deformed so that they are slightly undulated (deformed) by the roller resting 
upon it. 

In developing the transport device in accordance with the present invention and 
20 in order to find a solution to this object, the following aspects had to be taken 
into consideration: 

In an effort to prevent dirt from leaving impressions, the invention aims at 
keeping the weight of the upper roller low. On the other side, it has to be taken 

25 into consideration that the transport function and the sealing function have to 
be preserved. It has for example been found out that, if the upper roller is too 
light, slip occurs during transport of the workpieces. It has further been found 
out that too light sealing rollers are not capable of retaining the fluid to a 
sufficient extent within the area of operation. In practical operation, and in order 

30 to meet these requirements, a minimum weight of 5 kg is required for a 700 
mm long roller for example. It has been found out though that such a high 
weight already suffices to cause dirtied rollers to leave disturbing impressions in 
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the surface of the workpieces. 



One solution to this problem seemed to consist in using what are termed wheel 
shafts in wet-chemical processing lines. In this case, small, disc-shaped wheels 
5 are spaced e.g., 50 mm apart on a mostly driven shaft. When viewed radially, 
said wheels are about 5 mm long. On the upper and lower shafts, the wheels 
are normally disposed in such a manner that they roll exactly one upon the 
other. Such an arrangement is described in US 5,176,158 A for example. It is 
intended to allow transport of printed circuit foils for example. In order however 

10 to achieve transport function, the upper wheel shafts must exert a great enough 
force onto the lower wheel shafts. Meaning, there is the risk, in the region of the 
wheels, that particles depositing on the circumference of the wheels leave 
disturbing impressions on the foils. With the dimensions mentioned herein 
above, the probability of flaws is reduced to approximately 10 % because 

1 5 approximately 10 % only of the surface of the workpiece is brought into contact 
with the wheels. Transport of thicker, /.e., heavier printed circuit boards that are 
to be produced in the same wet-chemical line, is no longer guaranteed though. 
It is also particularly disadvantageous that the wheel shafts are not capable of 
performing the function of sealing immersion baths. They are therefore not a 

20 generally applicable solution. 

In a preferred embodiment of the invention, several axially spaced apart 
elevations are provided on at least one roll of a pair of rolls. As a result, the 
pressure from the upper roller is very evenly transmitted to the workpieces so 
25 that the risk that particles leave an impression in the surface of the workpieces 
is reduced. 



The elevations on the rollers may more specifically annularly or helically 
encircle the rollers. Other variants are of course conceivable such as helical 
30 portions with a small pitch alternating with free spaces in which there are no 
elevations. Further, helical elevations may have the same or a varying pitch 
over the entire length of the roller. Finally, the elevations may enclose the 
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circumference of the roller either continuously or discontinuously. The condition 
in accordance with the purpose of the present invention for configuring the 
elevations is that, during rotation, the elevations of one roller of a pair of rollers 
engage corresponding spaces provided between the elevations of the other 
5 roller of the pair of rollers which rotates in the opposite direction. 

Another improvement of the invention is that at least one bordering elevation 
may be provided on the ends of the rollers, more specifically outside that area 
of the conveying path which is useful for the workpieces, said elevation 

10 annularly encircling the respective one of the rollers, having a diameter such 
and being disposed in such a manner that workpieces of a predetermined 
thickness, more specifically thin workpieces (e.g., printed circuit foils), can only 
be deformed by particles adhering to the rollers to the extent permitted by the 
elevations. More specifically, these bordering elevations are arranged on the 

1 5 rollers of a pair of rollers so as to face each other. The area of the conveying 
path which is useful for the workpieces is formed by the area within the plane of 
transportation over which the workpieces are passed while they are being 
conveyed through the conveyorized processing line. 

20 This improvement of the invention permits to prevent thin boards and foils from 
being deformed too much. The diameter of the bordering elevations of 
opposing rollers may be dimensioned in such a manner that the deformation is 
minimized in that, at the slightest deflection, the bordering elevations come to 
rest upon each other either directly or at least through the border regions of the 

25 workpieces. If, in the border regions, dirt is impressed into the surface as a 

result of the increased pressure thus generated and exerted onto the surface of 
the workpieces, this does not constitute a problem since these dirtied surfaces 
are only to be found in the border region in which there usually is no conductive 
pattern. By contrast, the force exerted by the elevations onto the central region 

30 of the surfaces of the workpieces is relatively small since it only is the force 
applied by the staggered elevations on the rollers of a pair of rollers for 
deforming the workpieces. 
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The deformation of thin workpieces may be minimized even further in that the 
diameter of the bordering elevations is optimized relative to that of the central 
elevations on the rollers: if for example the bordering elevations are located far 
5 outside the useful area of the conveying path so that different sizes of 

workpieces may be processed in one line, the sum of the radii of the bordering 
elevations should possibly be greater than the sum of the radii of the central 
elevations on the rollers by the thickness of the workpieces. The result thereof 
is that the workpieces are hardly deformed any longer since the bordering 

1 0 elevations compensate for the thickness of the workpieces when it may be 
assumed that the dirt particles located between bordering elevations rolling 
directly on each other have the same size as those located between the central 
elevations on the rollers and the surface of the workpieces. On these 
conditions, the force exerted onto the surface of the workpieces is extremely 

1 5 small. On the other side, it must still be large enough to allow for secure 

transport of the workpieces. If it may be assumed, on the other side, that the 
bordering elevations roll on each other along the workpieces, in the region of 
the plating edge for example, the sum of the radii of the bordering elevations 
may be equal to the sum of the radii of the central elevations on the rollers 

20 since the workpieces are in this case largely prevented from deforming so that 
the force exerted onto the surface of the workpieces becomes very small - 
again provided that the particles on the bordering elevations and the particles 
on the central elevations on the rollers have approximately the same size. 

25 In an advantageous embodiment of the present invention the spacings 

between the elevations annularly encircling the rollers or the spacings between 
respective turns of the elevations helically encircling the rollers are at least 10 
% greater than the width of the elevations. Moreover, the height of the 
elevations may range from 0.1 mm to 10 mm, preferably from 0.1 mm to 1 mm. 

30 With this proviso, a slight difference in diameter between the regions provided 
with the elevations and the regions located therein between is made possible. 
Such a slight difference in diameter makes particular sense when the rollers for 
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sealing against fluid flowing out of the processing line are to be utilized at the 
entrance or exit thereof. The gaps between the rollers and the workpieces 
resulting from the slight difference in diameter are very small so that the 
quantity of fluid flowing there through is minimized. Further, the width of the 
5 elevations as well as the spacings between the elevations annularly encircling 
the rollers and the spacings between respective turns of the elevations helically 
encircling the rollers may range from 2 mm to 200 mm. All of these further 
measures permit to optimize the deformation of the workpiece and, as a result 
thereof, the force exerted by the rollers onto the workpiece. 

10 

In a preferred embodiment of the invention the rollers are lengthened by at 
least the length of the bordering elevations at the ends of the rollers and are 
disposed in the processing line in such a manner that the bordering elevations 
at the ends of the rollers are located outside of the useful area of the conveying 

1 5 path occupied by the workpieces. Thanks to this measure, the force exerted by 
the weight of the respective one of the upper rollers of a pair of rollers onto the 
workpieces is limited. For, in that the bordering elevations are located outside 
of the useful area of the conveying path used by the workpieces, the bordering 
elevations of the two rollers of a pair of rollers are lying directly on top of each 

20 other and roll on each other so that the force is directly transmitted from the 
upper roller to the lower one without the workpieces being contacted in this 
region by the bordering elevations. As well particles are thus prevented from 
being pressed into the border surface of the workpieces in the border regions. 

25 To further reduce topical application of pressure it is further proposed to round 
off the front sides of the elevations. As a result thereof, increased pressure is 
prevented from being exerted through edges of central elevations in the useful 
area of the conveying path onto the workpieces. 

30 The rollers are preferably made from metal, plastic material or ceramics or from 
a combination of these materials. More specifically, the rollers may be plastic 
rollers provided with a metal core. In another embodiment the rollers may be 
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hollow within the interior thereof. 

In an advantageous embodiment, the rollers are configured with rings and/or 
helices mounted on axles in such a manner that they are reliably prevented 
5 from slipping and twisting. They are thus easy to manufacture. Said rings and 
helices may be pressed, screwed, clamped, bonded or welded thereon. If very 
small differences in diameter between the regions on a roller in which the 
elevations are located and the regions located therein between are desired, the 
manufacturing of such rollers may be complicated since very thin elevations 

10 may be formed on the rollers (thickness, as indicated herein above, of from 0.1 
mm to 1 mm). In this case, it may be advantageous to produce elevations by 
pressing, screwing, clamping, bonding or welding for example component parts 
onto an axle, said elevations consisting of rings and of other elements that 
have a diameter slightly smaller than that of the rings. The elevations and the 

1 5 regions located therein between may for example be formed by pushing and 
fixing component parts with a border forming the elevation and with an 
integrally molded groove in the form of a tube portion of a smaller diameter. In 
this case, the elevations and the grooves located therein between are formed 
by pushing these identically oriented parts thereon so that the rings and the 

20 tube portions forming the grooves are alternated. 

In another embodiment of the invention, the minimum spacing between the 
rollers of a pair of rollers is set by the spacing between the respective bearings 
to be such that the workpieces are not deformed beyond the size of the 
25 particles adhering to the rollers. 

The invention is described herein after in close detail with reference to the Figs. 
1 -4: 

30 Fig. 1 is a not-to-scale sectional view of a pair of rollers for use in the 

device according to the invention viewed in the direction of 
transport; 
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Fig. 2 is a to-scale detail of a pair of rollers; a to-be-processed thin 

printed circuit board is located between the upper and the lower 
rollers; 

5 

Fig. 3 is a to-scale detail of an embodiment of the device in accordance 

with the invention for use as a sealing roller in a printed circuit 
board line; 



10 Fig. 4 is a sectional view of a pair of rollers viewed in the direction of 

transport and formed from component parts disposed on an axle 
in a conveyorized processing line, said component parts being 
comprised of ring and groove. 



15 Fig. 1 shows a pair of rollers in a conveyorized line of which a detail only is 
illustrated, said pair of rollers being comprised of an upper roller 1 and of a 
lower roller 2. The lower roller 2 is carried in stationary lower bearings 3. It thus 
determines the height at which the workpiece 4 is positioned. 

20 The upper roller 1 is freely carried in such a manner that it is capable of 

automatically adjusting to the thickness of the workpiece 4. The thrust bearings 
5 serve this purpose. The rollers 1, 2 have annular grooves 6 and elevations 7 
disposed therein between and configured as rings in the present case. The 
upper roller 1 and the lower roller 2 of the pair of rollers are designed and 

25 carried in such a manner that regions of the one roller 1 with a large diameter 
D' are facing regions of the other roller 2 with a small diameter d and vice 
versa. In the axial direction, the spaces 6 between the elevations 7 with small 
diameter d are longer than the elevations 7 with larger diameter D\ On the one 
side, shear stress is thus prevented from occurring between the upper and 

30 lower rings 7 and on the other side, the printed circuit boards and printed circuit 
foils 4 are given more space for elastic deflection. 



WO 03/069965 PCT/EP03/00622 

13 

Usually, the two rollers 1 and 2 are driven by a roller drive train that has not 
been illustrated herein. Said drive train determines the transport speed that 
corresponds to the circumferential speed of the rings 7 with the large diameter 
D\ 

5 

In a preferred embodiment of the invention the ends of the rollers 1 and 2 are 
not grooved. The bordering elevations 9 of the upper roller 1 and of the lower 
roller 2 are rolling on each other at the ends thereof when no printed circuit 
board is placed between the rollers 1, 2. As a result, very thin foils 4, e.g., foils 

10 4 of 50 fjm thick, are prevented from being deformed too much. In this case, 
the foils 4 deform slightly so that the bordering elevations 9 roll directly upon 
each other. As a result, the force that causes the foils 4 to deform is limited. 
Fig. 2 shows in greater detail that a printed circuit foil 4 is slightly deformed by 
the weight of the upper roller 1 . The elevations 7 of the upper roller 1 press the 

1 5 foil 4 into the spaces 6 between the elevations 7 of the lower roller 2; 

concurrently, the elevations 7 of the lower roller 2 press into the spaces 6 
between the elevations 7 of the upper roller 1: In this case, the rings 7 are 
allowed to press the foil 4 into the opposing groove 6 only until the bordering 
elevations (bordering rings) 9 at the ends of the rollers roll upon each other (not 

20 shown). Said deformation substantially corresponds to the size of the particles 
10 adhering to the elevations 7. The end region of the rollers 1, 2 preferably 
lies in a region located outside of the useful area of the conveying path (the 
useful area of the conveying path is given by the width of the printed circuit 
board 4 (see Fig. 1)). The forward drive needed for the printed circuit boards 

25 and printed circuit foils 4 takes place in the center of the transport. In the case 
of larger sized printed circuit boards and printed circuit foils 4, the border region 
thereof may also extend into the end region of the rollers 1, 2. The useful area 
of the printed circuit boards and foils 4 is not affected thereby because the 
outer borders thereof are not used for patterning (plating edge). 

30 

In order to prevent too strong a deformation of the printed circuit foils 4, the 
minimum spacing between the rollers 1, 2 may be adjusted - as described - 
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either by the bordering elevations 9 rolling on each other, or through the 
position of the upper bearings 5 relative to the lower bearings 3. The greater 
the distance between the upper bearing 5 and the lower bearing 3, the greater 
the safe distance. 

5 

To illustrate the problem the present invention is directed to resolve, Fig. 2 
shows disturbing particles 10 on the front sides 8 of the elevations 7. As the 
printed circuit boards or foils 4 are allowed to evade into the space 6, the 
particles 10 are not pressed into the surface of the workpieces 4. As a result, 
10 the printed circuit board or foil 4 remains undamaged even if in practical 
operation the weight of the upper roller 1 amounts to 5 to 1 0 kg in order to 
guarantee secure transport of the workpieces 4. 

Fig. 2 is a many times magnified to-scale detail of an upper roller 1 and of a 
1 5 lower roller 2. This Fig. also illustrates that a pair of rollers may also perform 
the function of sealing a dammed up wet-chemical bath when the spaces 6 
between the elevations 7 have a small width, as shown herein. The height of 
the fluid accumulated in the operation region in the conveyorized line usually 
amounts to 50 mm maximum. Therefore, the loss of fluid escaping through the 
20 remaining openings, of e.g., less than 0.5 mm, of a pair of rollers is negligibly 
small. 

To prevent longitudinal traces from forming on the printed circuit boards and 
printed circuit foils 4, the rings 7 have rounded front sides 8. The rings 7 may 
25 also be rounded over the entire front side thereof in order not to leave an 

impression on the edges of the printed circuit boards and foils 4 if the boards or 
foils 4 risk to become too undulated. 

Herein after an example taken from the printed circuit board technique is given 
30 (in this connection refer to Fig. 3): 

In horizontal conveyorized lines the length of the rollers 1, 2 typically amounts 
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to 700 mm. A space 6 is formed between two rings 7. In the axial direction, the 
length of the space 6 amounts for example to 25 mm. The ring 7 has for 
example a length of 15 mm. The bordering rings 9 at the ends of the rollers 1, 2 
also have a length of for example 15 mm (not shown). The diameter D' of the 
5 rings 7 amounts for example to 50 mm and the diameter d of the spaces 6 
between the rings 7 to 49.5 mm. In this case as well the rings 7 have rounded 
front sides 8. 

The rollers 1, 2 are made for example from plastic material, metal or ceramics 
10 or from a combination of these materials. Plastic rollers may be provided with a 
metallic core in an effort to increase the weight and to thus increase safety of 
transport. However, the invention is not limited to the dimensions mentioned 
above which have been given by way of example only. The difference in 
diameter between the spaces 6 between the rings 7 and the rings 7 may range 
15 from 0.1 mm to 10 mm, preferably from 0.1 mm to 1 mm. The axial length of 
the rings 7 may range from 2 mm to 200 mm. 

The rollers 1, 2 in accordance with the invention may be comprised of several 
component parts (in this connection, refer to Fig. 4). In order to manufacture 

20 the contoured rollers 1 f 2 in accordance with the purpose of the present 
invention with elevations (rings ) 7 and spaces 6 between said rings 7, 
appropriate component parts 11 may be pressed, screwed, clamped, bonded 
or welded to the diameter or profile of the axle of the rollers 1 , 2 to form the 
rings 7 and the spaces 6 between the rings 7. A component part 11 of this type 

25 is shown separately in Fig. 4. If the component parts 11 are clamped onto the 
rollers 1, 2, a profile with three or multiple edges that reliably prevents the 
components parts 11 from slipping through may be used for the axle. If, by 
contrast, the rollers 1, 2 are not to perform a sealing function, the spaces 6 
between the rings 7 may be quite deep and the axles of the rollers 1, 2 quite 

30 thin so that the transfer of material at these locations is less hindered. 

It is understood that the examples and embodiments described herein are for 
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illustrative purpose only and that various modifications and changes in light 
thereof as well as combinations of features described in this application will be 
suggested to persons skilled in the art and are to be included within the spirit 
and purview of the described invention and within the scope of the appended 
5 claims. All publications, patents and patent applications cited herein are hereby 
incorporated by reference. 
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Listing of Numerals: 

1 upper roller 

2 lower roller 

5 3 stationary bearing 

4 workpiece (printed circuit board, printed circuit foil) 

5 thrust bearing 

6 space between two elevations (rings) 7 (groove) 

7 elevation (ring) 

10 8 rounded front side of an elevation 7 

9 bordering elevation (bordering ring) at the end of the roller 1, 2 

10 particle (dirt) 

11 component part for forming an elevation (ring) with integrally molded 
space (groove) 

15 12 plane of transportation 

D diameter of the roller including the bordering elevations 9 

D' diameter of the roller including the elevations 7 

d diameter of the roller without taking into consideration the elevations 7 
and the bordering elevations 9 



